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SURGICAL INSTRUMENT 
Background of the Invention 

Field of the Invention 

5 The present invention relates to surgical instrument for minimally invasive surgery. 

Discussion of the Prior Art 

From DE 100 36 108, a surgical instrument of this generic type is known. It substantially 
consists of a tube shaft at the one proximal end of which an instrument handle is arranged for the 
operation of an instrument head disposed at the opposed distal end of the tube shaft via gear 

10 trains. The instrument head can be pivoted and/or inclined with respect to the tube shaft and, 
moreover, holds an effector rotatably supported in the instrument head in the form of a type of 
forceps or tongs one jaw of which is pivotably supported on the effector and is likewise operable 
by means of the instrument handle. 

In more concrete terms, the gear trains enable at least a first movement of the instrument 

15 handle, according to this prior art to be triggered by the rotation of an operator's hand, to be 
transformed into a rotation of the effector at a predetermined transmission ratio with respect to 
this operating movement. This makes it possible to rotate the effector despite the relatively 
restricted possibility of motion of a human hand about up to 300°, for instance, and, thus, to 
realize complex motions without changing the grip at the handle. Moreover, a second movement 

20 of the instrument handle, for instance bending the same with respect to the tube shaft, is 
converted into an inclination movement of the instrument head. 

The gear trains provided inside the instrument handle and the tube shaft are designed 
such that a most largely decoupled operation of each individual movement of the instrument 
head and the effector is permitted. However, such gears are necessarily extremely complex and, 
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consequently, also require sufficient assembly space. Moreover, a complete decoupling of the 
individual movements is not completely ensured. 

In view of this prior art, it is the object of the present invention to provide a surgical 
instrument of this generic type in which motions of an instrument head as well as of an effector 
5 can be performed decoupled from each other via an instrument handle. 

Summary of the Invention 
This object is achieved by a surgical instrument comprising an instrument handle linked 
at a proximal end portion of a tube shaft, the tube shaft having a distal end portion linked to an 
instrument head rotatably supporting an effector, the effector being inclinable relative to the tube 
10 shaft, wherein the effector further comprises at least one pivotable engaging element operable via 
an effector operating gear train in cooperation with the instrument handle. The effector 
operating gear train further comprises a pushing rod shiftably arranged in the tube shaft, and in a 
linking area between the instrument head and the tube shaft the pushing rod abuts a pushing pin. 
The pushing pin is shiftably supported in the instrument head and/or the effector and operatively 
1 5 connected to the engaging element. 

Accordingly, the core of the invention consists in the fact that the effector operating gear 
train includes a pushing rod which is shiftably arranged in the tube shaft and which, in the 
linking area of the instrument head at the tube shaft, is in contact with a pushing pin shiftably 
supported in the instrument head or in the effector itself, the pushing pin being operatively 
20 connected to the engaging element. In this way, a pushing motion is transmitted to the pushing 
pin independently of the position of inclination of the instrument head with respect to the tube 
shaft without complex deflection gear mechanisms being required. 

An especially advantageous configuration of the invention provides that the pushing rod 
has a distal front face which forms the engaging portion with the pushing pin and which is 
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chamfered at a predetermined angle of preferably 45° in the bending direction of the instrument 
head. This measure provides a kind of power deflection means, whereby an advance motion of 
the pushing rod can be optimally transmitted to the pushing pin independently of the bending 
position of the instrument head. 

Further advantageous configurations of the invention are the subject matter of the 
dependent claims. 

Brief Description of the Drawings 

Hereinafter, the invention will be explained in detail by example of a preferred 
embodiment with reference to the accompanying drawings, in which: 

Fig. 1 shows a perspective view of a surgical instrument according to a preferred 
embodiment of the invention, 

Fig. 2 shows a first gear train for pivoting an instrument head by means of an instrument 

handle, 

Fig. 3 shows a partial section of the first gear train in the pivoting range of the instrument 

head, 

Fig. 4 shows a second gear train for rotation of the instrument head by means of the 
instrument handle, 

Fig. 5 shows a partial section of the second gear train in the pivoting range of the 
instrument head, and 

Figs. 6a-6c show sectional views of a third gear train in the pivoting range of the 
instrument head for the operation of forceps supported at the instrument head. 

Detailed Descroption of the Preferred Embodiments 

In Fig. 1, a complete surgical instrument according to a preferred embodiment of the 
invention is shown in a perspective view. The surgical instrument according to the invention 
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consequently has a multi-functional instrument handle 1 which is arranged at a proximal end or 
end portion of a tube shaft 2, preferably made of stainless steel, a steel alloy or a synthetic 
material, as well as an instrument head 4 equipped or adapted to be equipped with an effector 3, 
the instrument head being provided at the other, distal end of the tube shaft 2. 
5 In general, the instrument head 4 is supported at the respective tube shaft end such that it 

can be pivoted or bent with respect to the tube shaft 2, whereas the effector 3 can be turned or 
rotated in each bending position of the instrument head 4 about the longitudinal axis of the latter, 
the two aforementioned motions being adapted to be performed by means of the instrument 
handle 1 . To this end, a number of manipulators or operating mechanisms are provided at the 

10 instrument handle 1 and are operatively connected, via corresponding gear trains inside the 

instrument handle 1 as well as inside the tube shaft 2, to the instrument head 4 and the effector 3, 
respectively, so as to be able to perform the individual motions of the instrument head 4 and of 
the effector 3 independently of each other, i.e. in a decoupled manner. 

Specifically, the instrument handle 1 consists of an economically shaped handle piece 5 

1 5 which is mounted in a pivotable and inclinable manner to the tube shaft 2 and on which a first 
manipulator 6, in the present case preferably in the form of a rotary knob, and a second 
manipulator 7, in the present case preferably in the form of a handle lever, are supported. Thus, 
the instrument handle 1 according to the preferred embodiment of the present invention 
comprises a total of three operating mechanisms for three independent movements of the effector 

20 3 and/or the instrument head 4, respectively. It is explicitly emphasized in this context that the 
instrument handle 1 may also have fewer operation possibilities, for instance only one 
manipulator or operating mechanism, respectively, for pivoting the instrument head 4 and 
rotating the effector 3. 
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The exterior structure of the instrument handle 1, especially with respect to the operating 
mechanism for pivoting and bending the instrument head 4 and with respect to the corresponding 
bending gear train is shown in Figures 2 and 3. 

The handle 1 schematically shown in Fig. 2 is pivotably connected to the tube shaft 2 via 
5 a crank member 8 which is fixedly connected to the handle member 5 and has the form of a 
rotary shaft or rotary disk. The rotary shaft 8 is preferably aligned so as to be perpendicular to 
the tube shaft 2 as well as to the handle member 5 and spaces the handle member 5 from the tube 
shaft 2 such that the handle 1 can be pivoted substantially in parallel to the tube shaft 2 past the 
same. 

10 The rotary shaft 8, forming a central through passage 9 for accommodating the gear 

members described hereinafter, is shaped at its one front face facing the tube shaft 2 to have a 
crank guide 10 in the form of a cam-shaped groove in which a driving pin 1 1 engages which is 
attached to an axially shiftable pushing tube 12 supported in the tube shaft 2. The groove 10 is 
formed such that, during a rotation of the rotary shaft 8, the driving pin 1 1 slides along in the 

15 groove 10 by an appropriate pivoting of the handle member 5 and, in so doing, performs a forced 
compensating motion in the longitudinal direction of the tube shaft 2, said motion being 
transmitted to the pushing tube 12 and resulting in a reciprocating motion of the pushing tube 12 
inside the tube shaft 2 depending on the direction of rotation of the rotary shaft 8. 

The distal end portion of the pushing tube 12 opposite to the crank member 8 is formed 

20 so as to have a longitudinally extending mounting link 13 which projects from the distal end of 
the pushing tube 12 and forms a hinge or hinge eyes 14 at its free end portion. Moreover, the 
front face of the tube shaft 2 is chamfered at its distal end portion at an angle of preferably 45° 
and includes lateral link eyes 15 to which the instrument head 4 is pivotably linked via link joints 
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or pins. The instrument head equally consists of a tube member 16 at whose one end control 
eyes 17 for connection to the tube shaft 2, or rather to the link eyes 15 thereof, are formed is 
likewise chamfered at an angle of preferably 45°, namely in such manner that, after linking the 
instrument head 4 to the tube shaft 2, the two aforementioned chamfers complement each other 
5 and enable the tube member 16 to be bent with respect to the tube shaft 2 by approximately 90°, 
preferably 70°. 

Moreover, a hinge, or rather pivot eyes 18, are formed at the chamfered end of the tube 
member 1 6. To each of the pivot eyes 14; 1 8 provided at the pushing tube side and the tube 
member side, a rocking lever 19 is hinged, is consequently offset radially outwardly with respect 
10 to the pivot axis of the instrument head 4 and transmits an axial translation movement of the 
pushing tube 12 to the tube member 16 whereby the latter is pivoted about its own pivot axis. 

Hereinafter, the operating mechanism for a rotation of the effector 3 supported in the 
instrument head 4 and the corresponding rotation gear train are described by way of Fig. 4 and 
Fig. 5. 

15 As can be further be taken from Fig. 2, the aforementioned tube member 16 of the 

instrument head 4 at the same time constitutes a housing or receptacle for the effector 3. 
Independently of the type of effector, i.e. independently of whether, for instance, a needle holder, 
tongs, forceps or scissors are used as effector, the latter has a preferably hollow rotational shaft 
20 which is rotatably inserted in the tube member 16 of the instrument head 4 and is secured 

20 against an axial movement. The length of this rotational shaft is selected such that it ends 

approximately in the area of the pivot axis of the instrument head 4 and is provided at its free end 
projecting toward this pivot axis with an output spur gear 21 which is attached to the rotational 
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shaft 20 of the effector 3 in a torque-proof manner. Especially in Fig. 2, the pivot axis of the 
instrument head 4 is shown by a broken line through the eyes 1 5. 

As can further be taken from Fig. 5, a torque transmission spur gear 22 is provided on the 
pivot axis of the instrument head 4, is rotatably supported on one of the two pivot pins of the 
5 instrument head 4, not shown in detail, which form the schematically shown pivot axis, and is in 
mesh with the output spur gear 21 . The torque transmission spur gear 22, in its turn, is in mesh 
with a drive spur gear 23 which is mounted in a torque-proof manner on a drive shaft 24 
rotatably guided inside the pushing tube 12 (not shown in Figures 4 and 5), as this is especially 
shown in Fig. 4. According to Fig. 4, another torque initiating spur gear 25 is arranged in a 

10 torque-proof manner on a drive shaft 24 rotatably guided inside the pushing tube 12 (not shown 
in Figures 4 and 5), as this is especially shown in Fig. 4. According to Fig. 4, at one end of the 
drive shaft 24 opposed to the drive spur gear 23, another torque initiating spur gear 25 is 
arranged in a torque-proof manner and is in mesh with a long- face pinion 26 supported in the 
central through passage 9 formed inside the crank member 8. The crank member 8 is not shown 

15 in detail in Fig. 4. 

Finally, the long- face pinion 26 is in mesh with an actuating shaft 27, or rather a spur 
gear 28 fastened thereto, inside the handle 1, said shaft being fixedly connected to the one 
manipulator, the rotary knob 6 in the present case. 

When the rotary knob 6 is operated, the rotation thereof is transmitted via the actuating 

20 shaft 27 inside the handle 1, the long-face pinion 26, the subsequent drive shaft 24 inside the 

pushing tube 12 as well as the transmission spur gear 22 to the effector 3, and the latter is turned. 
The rotary knob 6 is advantageously operated by the fingers, especially by the thumb and the 
index of the operator's hand, while the handle member 5 is held in the hand. Thus, it is possible 
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to generate any rotation at the effector 3 without the operator having to change his grip at the 
handle member 5 itself. In this context, it is further referred to the fact that the drive shaft 24 and 
the pushing tube 12 are arranged in the axial direction so as to be relatively movable with respect 
to each other, i.e., a rotation of the crank member 8 triggered by pivoting the handle 1 does cause 

5 a translation movement of the pushing tube 12. Yet, at the same time, the drive shaft 24 is held 
in position, i.e. in mesh with the long-face pinion 26, whereby the pushing tube 12 performs an 
axial relative movement with respect to the tube shaft 2 and to the drive shaft 24. 

Ultimately, hereinafter the operating mechanism for the effector 3, i.e. the functions 
thereof, and for the corresponding effector gear train is described by reference to Figures 5 and 

10 6a-6c. 

According to Fig. 5, in the present embodiment of the invention, the effector 3 is 
designed as tongs including a fixed jaw and a movable, i.e. pivotable jaw 29; 30. The fixed jaw 
29 forms a unit together with the rotating shaft 20 of the effector 3 and is preferably formed 
integrally with the rotating shaft 20, whereas the movable jaw 30 is linked to the fixed jaw 29 at 
15 one end. 

The movable jaw 30 forms a linking point 31 for a pushing pin 32 which is supported 
inside the rotating shaft 20 so as to be relatively shiftable, so that a pivoting movement of the 
movable jaw 30 with the maximum possible transmission is caused by the axial shifting of the 
pushing pin. As this is especially shown in Figures 6a-6c, the pushing pin 32 is biased by a 
20 spring 33 axially in the opening direction of the tongs enclosing the pushing pin 32 inside the 

rotating shaft 20. For this purpose, the pushing pin 32 has a shaft protrusion at which the biasing 
spring 33 is supported by its one end. The other end of the biasing spring 33 is supported against 
the fixed jaw 29. An end piece 34 of the pushing pin 32 projecting from the rotating shaft 20 
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towards the pivot axis of the instrument head 4 is formed as a ball-shaped head, the radius of the 
ball-shaped head 34 preferably being approximately 2.5 mm in the present case. 

The aforementioned drive shaft 24 for rotating the effector 4 supported in the instrument 
head 4 is provided with a substantially continuous axial bore (not shown in detail). In this axial 
5 bore, a pushing rod 35 is guided to be axially shiftable as well as rotatably guided relative to the 
drive shaft 24, the front face of the pushing rod facing the pushing pin 32 being chamfered in 
accordance with the chamfers of the distal end provided at the tube shaft side and the pushing 
tube side, i.e. preferably 45° in the same direction. The pushing pin 32 is biased against this 
chamfered front face of the pushing rod 35 by the spring 33 and abuts against the same. The 
10 contact face between the pushing rod 35 and the pushing pin 32 is substantially punctiform due 
to the afore-described ball-shaped head of the pin 32, namely independently of the degree of 
bending of the instrument head 4 and independently of the position of rotation of the effector 3. 

As can be seen from Fig. 6a, the pushing pin 32 as well as the pushing rod 35 are aligned 
axially with respect to each other in case that the bending of the instrument head 4 with respect 
15 to the tube shaft 2 is substantially 0°. Moreover, in this position of the instrument head 4, the 
pushing pin 32 is positioned such that the center of the ball head 34 of the pushing pin 32 is 
located approximately in the pivot axis of the instrument head 4. 

At its proximal end, the pushing rod 35 is connected, via a gear mechanism 36 not shown 
in detail, to the actuating lever 7 which is pivotably supported on the handle 1, as already briefly 
20 explained at the beginning of this description. 

The functioning of the surgical instrument according to the invention will be described 
hereinafter in detail. 
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A rotation of the effector 3 supported in the instrument head 4 is effected by an operation 
of the rotary knob 6 supported at one end of the handle 1 , the rotary knob 6 being adapted to be 
turned about its axis of rotation, as already described in the foregoing, so far that a rotation of 
approximately 360° is realized for the effector 3 without the necessity to change the grip at the 
5 handle member 5. This rotation is transmitted via the actuating shaft 27 to the long- face pinion 
26 which, in its turn, transmits its rotation to the drive shaft 24 extending inside the pushing tube 
12. The rotation of the drive shaft 24 causes a rotation of the transmission spur gear 22 which 
quasi bridges the pivot axis of the instrument head 4 and, thus, triggers a motion of rotation of 
the effector 3 inside the tube member 16 of the instrument head 4 about the axis of the tube 
10 member. 

According to the present embodiment, the entire handle 1 has to be pivoted about the 
longitudinal axis of the crank member 8 to effect a bending, i.e. a pivoting movement of the 
instrument head 4 and, thus, of the effector 3. In other words, a pivoting movement of the handle 
1 with respect to the tube shaft 2 causes a rotation of the crank member 8 connected to the handle 

15 1 in a torque-proof manner. At the same time, however, the long-face pinion 26 is rotated along 
with the crank member 8 due to the fact that a kind of automatic lock by friction (efficiency of 
the gear mechanism) occurs by the mesh between the actuating shaft 27 and the long-face pinion 
26, said lock being possibly further assisted by slightly holding the operating knob 6 and by the 
static friction between the operating knob 6 and the handle member 5. 

20 The rotation of the crank member 8 is transmitted via the crank or rather groove 10 at the 

end of the member 8 as well as the driving pin 1 1 into an axial movement of the pushing tube 12, 
which is transformed via the hinged rocking lever 19 into a pivoting movement of the instrument 
head 4 about the pivot axis thereof. However, this pivoting movement is automatically also 
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performed by the output spur gear 21 which is fixed to the rotation axis of the effector 3 and is in 
mesh with the transmission spur gear 22. If, accordingly, the transmission spur gear 22 were 
stationary in this kind of operation, i.e. the pivoting operation, the pivoting movement of the 
instrument head 4 would cause the output spur gear 21 to roll off the transmission spur gear 22 in 
5 the same direction and, thus, would inevitably result in a superimposed rotational movement of 
the effector 3. 

As described in the foregoing, however, the long-face pinion 26 is rotated along with the 
crank member 8 during a pivoting movement of the handle member 1 and, thus, drives the drive 
shaft 24 inside the pushing tube 12. The transmission between the long-face pinion 26 and the 

10 drive shaft 24 is calculated such that the transmission gear 22 is rotated by the drive shaft 24 
about an angle of rotation corresponding to the angle of rotation which is caused by the output 
gear 21 during a corresponding bending of the instrument head 4, whereby both rotations 
compensate each other due to their counter-rotation. In this configuration, the relative position 
between the transmission spur gear 22 and the output spur gear 21 is maintained even during the 

15 bending motion of the instrument head 4, so that the effector 3 is held in each bending position 
of the instrument head 4 as well as during a bending motion in its current position of rotation 
with respect to the instrument head 4. 

In order to bring about the operation of the effector 3, i.e. the function thereof itself, the 
lever 7 pivotably supported on the handle member 5 is provided in the present preferred 

20 embodiment. As already described in the foregoing concerning Figs. 6a-6c, lever 7 is 
operatively connected, via a reversing gear not shown in detail or an appropriate joint 
mechanism, to the pushing rod 35 which is supported in the rotary shaft 24 and which axially 
reciprocates relative to the rotary shaft 24 upon a corresponding operation of lever 7. A simple 
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Bowden cable or deflecting lever would also be conceivable for power transmission to the 
pushing rod 35. 

Fig. 6a shows the relative position of the pushing rod 35 and the pushing pin 32 in a 
bending position of the instrument head 4 of 0° with the tongs being open, Fig. 6b shows the 
5 relative position of the pushing rod 35 and the pushing pin 32 in a bending position of the 
instrument head 4 of approximately 450 with the tongs being open, and Fig. 6c shows the 
relative position of the pushing rod 35 and the pushing pin 32 in a bending position of the 
instrument head 4 of approximately 45° with the tongs being closed. 

As can be seen from Figs. 6a-6c, the pushing pin 32 is kept in constant contact with the 

10 beveled or chamfered distal front face of the pushing rod 35 by the biasing force of the spring 33. 
When the pushing rod 35 is shifted in the direction of the instrument head 4 in the case of a 0° 
bending of the instrument head 4 according to Fig. 6a, the pushing pin 32 is shifted at the same 
speed and over the same distance as the pushing rod 35, i.e. without transmission, against the 
biasing force of the spring 33, whereby the jaw 30 of the tongs linked thereto is pivoted in the 

1 5 closing direction. 

In this context, it is referred to the fact that, by the shifting action of the pushing rod 35, 
the pushing pin 32, i.e. especially the center of the pin head radius, remains only approximately 
on the pivot axis of the instrument head 4, i.e. it moves in a kind of circular orbit during a 
bending motion of the instrument head 4. As already explained at the beginning of the 

20 description of the figures, however, the regulating distances for opening and closing the tongs, 
for instance, are so small due to the transmissions set that, although the radius of the circular 
orbit can be calculated theoretically, it has no relevant influence on the position of the tongs for 
reasons of manufacture already (natural elasticity of the materials used, dimensional tolerances 
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and play at the link joints and gear parts). In other words, the position of the tongs is determined 
by the position of the lever 7 which, in its turn, is held by an operator and, thus, is also subjected, 
for instance, to non-controllable movements of the hand (trembling motions). Such disturbances 
produced due to manual operations are greater by far and, therefore, practically solely relevant 
5 compared to those disturbances produced by the afore-described orbit motion. 

That is to say, irrespective of the current position of the pushing rod 35 and the pushing 
pin 32, respectively, a bending of the instrument head 4 does generally not only cause the 
pushing pin 32 to pivot with respect to the pushing rod 35 but also causes the pin head 34 to 
slightly slide off the chamfered front face of the pushing rod 35. By this minor slide-off motion, 

10 the bearing contact of the pushing pin 32 with the front face is maintained, wherein only such a 
compensating longitudinal motion of the pushing pin 32 takes place as a result of its slide-off 
motion, however, which entails no practically relevant change of the closing or opening position 
at the effector 3. At the same time, however, a kind of power deflection mechanism is provided 
so as to bring about a longitudinal motion of the pushing rod 35 into a longitudinal motion of the 

1 5 pushing pin 32 now provided at an angular position with respect to the pushing rod 35 by the 
chamfering of the front face of the pushing bar. 

In other words, if the pushing rod 35 is shifted in a bending position > 0° according to 
Fig. 6b in the closing direction of the effector 3, as shown in Fig. 6c, the chamfered front face of 
the pushing rod 35 slides longitudinally past the pin head 34 while exerting an advance force on 

20 the pushing pin 32 which accordingly moves in the closing direction of the effector 3. 

It should be understood that any of a variety of fastening means and suitable materials of 
construction and dimensions may be used to satisfy the particular needs and requirements of the 
end user. It also will be apparent to those skilled in the art that various modifications and 
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variations can be made in the design and construction of a surgical instrument without departing 
from the scope or spirit of the invention. 



